Leaf blotch is a globally important disease of barley crops and other grasses that is caused by at least five host-specialised species in the fungal genus Rhynchosporium. The pathogen R.
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Expression of mating-type genes for the different Rhynchosporium species
Reverse transcription PCR (RT-PCR) was used to assess whether the mating-type genes of the different Rhynchosporium species were expressed at the mRNA level. Eight representative isolates selected were of R. commune (MAT1-1: E.1.2; MAT1-2: 53hv09), R.
agropyri (MAT1-1: 1ar10; MAT1-2: 3ar10), R. secalis (MAT1-1: B8; MAT1-2: I-Ia), R. orthosporum (MAT1-1: RsCH04 Bär A.1.1.3) or R. lolii (MAT1-1: 13lp11) ( Table 1) . They were grown from silica stocks onto 40% strength PDA plates (supplemented with 50 mg ml -1 penicillin G and streptomycin sulphate) overlaid with a single cellulose disc. Plates were sealed with a double layer of parafilm (Pechiney Plastic Packaging, USA) and incubated in the dark at 15°C for 20 days.
For extraction of RNA, mycelium was scraped from the surface of discs, ground under liquid nitrogen, and then 100 mg was transferred to 1 ml of TRIzol (Invitrogen, UK).
Samples were mixed by inversion and incubated at ca. 20°C for 15 min, followed by centrifugation (11,688 g) for 15 min. The supernatant was added to 0.25 ml chloroform, vortexed, incubated at 20°C for 5 min and centrifuged for a further 5 min. The aqueous phase was subsequently added to an equal volume of 2-propanol, inverted thoroughly, incubated for 10 min at 20°C and then centrifuged at 4°C for 10 min. The supernatant was removed, and pellet washed with 70% ethanol before the RNA was re-suspended in 100 µl of DEPC water.
A Nucleospin RNA II kit (Machery-Nagel) was used for subsequent DNase treatment and RNA purification steps according to the manufacturer's instructions. Finally, eluted RNA was further DNase-treated with RNA-free RQ1 DNase (Promega) prior to RT-PCR. RNA was visualised on an agarose gel to ensure quality, quantified using a NanoDrop-1000 spectrophotometer and diluted to the required concentration using DEPC water.
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All eight isolates were then tested using these primer sets with both RT-PCR (RNA template) and conventional PCR (genomic DNA template). In RT-PCR testing, a one-Step RT-PCR kit (Qiagen, UK) was used, with reaction components utilised according to the manufacturer's instructions (adding 150 ng total extracted RNA as a template). Reaction conditions for all RT-PCR reactions were as follows: an initial reverse transcription step of 50°C for 30 min, an initial PCR activation step of 95°C for 15 min, 35 cycles of 94°C for 1 min, 57°C for 1 min and 72°C for 1 min and a final elongation step of 72°C for 10 min (although for primer pair KBRTcF1/KBTRcF20 an annealing temperature of 55°C was used).
PCR products were run on 2% agarose gels and visualised. In parallel conventional PCR testing, RedTaq ReadyMix was used according to the manufacturer's instructions (0.5 µM concentration of each primer and 5-10 ng genomic template DNA), with reaction conditions identical to those described previously for RT-PCR testing except that the reverse transcription and initial PCR activation steps were omitted, and the final elongation step was decreased to 5 min. PCR products were visualised as described previously.
Phylogenetic analyses of partial MAT1-1 idiomorph sequences
MAT1-1 idiomorph sequence data obtained from an isolate of R. orthosporum (RsCH04 Bär A.1.1.3) and R. commune (GenBank accession: AY257472) were aligned. Two primers, predicted to produce a single amplicon of 327-bp specific for only MAT1-1 isolates of all Rhynchosporium species, were designed; MAT1-F central (5' CTGCTGTATAGCAACCCA 3') and MAT1-R central (5' GTGATGGGAGAATGTCGC 3'). These two primers annealed to apparently conserved DNA sequence within the MAT1-1 idiomorph, upstream relative to the MAT1-1-1 gene (Fig. 1) . Preliminary testing of this primer pair against 12 isolates of R.
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This article is protected by copyright. All rights reserved. Alternatively, it is possible that field isolates may require very specific environmental conditions to induce sexuality that may occur infrequently in the wild, as has been suggested for the closely related O. acuformis (Dyer et al. 2001) . It should be noted that an exclusively asexual life-cycle might contribute to the considerable success of Rhynchosporium as a plant pathogen; it allows the production of large numbers of conidia for dispersal in a shorter time than that required for ascospore production, there are lower metabolic costs associated with asexual than sexual sporulation, asexual reproduction can normally occur over a wider range of environmental conditions, and sexual recombination might break up favourable sets of genes (Dyer & O'Gorman 2012; Lehtonen et al. 2012) . However, given that gametic equilibrium has been found in most R. commune populations throughout the world, it has been previously suggested that it should be considered a sexual pathogen although such sexual reproduction may occur infrequently in some populations (Linde et al. 2003) . Indeed, a mixed reproductive system could provide many of the benefits of sexual reproduction, with rare sexual recombination producing new combinations of alleles that are than rapidly and widely dispersed by prolific asexual reproduction.
New mating-type diagnostic tests developed in the present study showed that the more distantly related R. orthosporum and R. lolii were exclusively of the MAT1-1 genotype.
Although only 27 such isolates were tested, they were collected from a diverse range of hosts and geographical locations throughout Europe. Therefore it is very unlikely, although not conclusive, that no MAT1-2 isolates would have been detected if MAT1-1:MAT1-2 isolates of these two species were present in a 1:1 distribution. This finding was confirmed by BLASTN
Phylogenetic analyses of partial MAT1-1 idiomorph sequence data identified two genetically distinct Rhynchosporium clusters, namely R. commune, R. agropyri and R. secalis as distinct from R. orthosporum and R. lolii. This subdivision is consistent with the substantial morphological and phylogenetic divide detected by King et al. (2013) . Only two of the species (R. orthosporum versus R. lolii) were visibly resolved using the MAT1-1 idiomorph sequence data, and it is cautioned that the genetic distance between them was very low. Therefore, this particular region of the MAT1-1 idiomorph is only of limited use for resolving individual Rhynchosporium species (Zaffarano et al. 2008; Zaffarano et al. 2011; King et al. 2013) , although it is noted that other regions of the MAT idiomorphs might be better suited for such a purpose.
Data presented here on both the patterns of distribution and expression of MAT genes generally suggest that sexual cycles are more likely to exist for some Rhynchosporium species (R. commune, R. agropyri and R. secalis) than others (R. orthosporum and R. lolii).
These findings should therefore be of practical interest to both farmers and forage grass breeders. Moreover, the presence of apparently only one mating type for R. orthosporum and R. lolii suggests that at least some species in the genus may be undergoing a shift towards asexuality, and that a sexual cycle may not be required to permit the continued success of the pathogens. This hypothesis is consistent with extensive efforts over many years that have to date failed to demonstrate the existence of a sexual stage for any Rhynchosporium species.
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• genotype, respectively. Representative isolates shown are R. commune (lanes 2-5; isolates 62hv09, RS00CH H36, 53hv09, 73hv09), R. agropyri (lanes 6-9; 1ar10, 6ar10, 2ar10, 7ar10) and R. secalis (lanes 10-13; 4.11.1, 1D4a, 6.2, 1E7a) . Further information about these
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isolates is given in Table 1 . Lane 1 is a 100-bp ladder (Fermentas, UK); the no template (water) control was blank (data not shown). MAT1-1 or MAT1-2 isolates of R. commune, R. agropyri or R. secalis. Isolates that produced (a) a 598-bp amplicon using primer pair A-MAT1-F/R were considered to be of MAT1-1 genotype, and (b) isolates that produced a 149-bp amplicon using primer pair C-MAT2-F/R were considered to be of MAT1-2 genotype. Isolates shown are R. commune (lanes 2-5; 19hv09, UK7, 53hv09, 2lm11), R. agropyri (lanes 6-9; 10ar10, 6ar10, 3ar10, RS04CG-RAC-A.6.1) and R. secalis (lanes 10-13; RS02CH4-4b1, RS02CH4-14a1, 6.2, 1E7a). Further information about these isolates is given in Table 1 . Isolates had previously been identified as MAT1-1 (2-3, 6-7, 10-11) or MAT1-2 (4-5, 8-9, 12-13) genotype using the multiplex mating-type diagnostic of Linde et al. (2003) . Lane 1 is a 100-bp ladder (Fermentas, UK); the no template (water) control was blank (data not shown). Isolates that produced (a) a 598-bp amplicon using primer pair A-MAT1-F/R were considered to be of MAT1-1 genotype, and (b) isolates that produced a 149-bp amplicon using primer pair C-MAT2-F/R were considered to be of MAT1-2 genotype. Representative isolates shown are: R. agropyri (lanes 2-3; isolates 1ar10, 2ar10), R. lolii 12lp11, 13lp11, 14lp11, 17lp11, 18lp11, 21lm11, 22lm11, 27dg09, . Further information about these isolates is given in Table 1 . Isolates of R. agropyri in lanes 2-3 were positive controls, and had been previously identified as MAT1-1 and MAT1-2, respectively, using the multiplex mating-type diagnostic of Linde et al. (2003) . Lanes 1 and 16 are a 100-bp ladder (Fermentas, UK) and a no template (water) control, respectively.
Figure 3. Development of new PCR diagnostic tests to identify
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a. Rhynchosporium species identity had been confirmed previously by King et al. (2013) using either species-specific PCR primers or repetitive extragenic palindromic PCR. c. Mating type determined using diagnostics developed in the present study; production of a 598-bp amplicon using primer pair A-MAT1-F/R or a 149-bp amplicon using primer pair C-MAT2-F/R indicated MAT1-1 or MAT1-2 type isolates, respectively. 
